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AGTENCT

Amosphicric samples tuken in and around the hydrazine facilaty indicated the
preccice of hydracuine and USME,  Samples taken {rom withan the respiratony
cquipmant indicated adequate protection was bco:nd provided by the equipment
prcsently used. A routine momatoring mrrogran should be establashed.
Appropriate medical surveillance and training should be provided to employecs
potentially exposcd to hydrazine and UDMIl. A maintenance program should be
doveclicped and instatuted., Further ¢vaiuvation to determine the prescnce of
NOMA should be conductced.
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INDUSTRIAL IIYGILNE SPECIAL STUDY NO. 35-0101-77
LVALUATION OF ATHOSPUERIC CONCENTRATIONS OF HYDRAZINE
ARD UNSYMMETRICAL DIMDTHYLUVDIAZINE IN AHD AROUND
TUL ROCKY MOUNTAIN ARSLMAL HVDIAZINL PACILITY
DENVLR, COLORACO
10-22 OCTOBLR 1976
1721 JANUARY 1377

1. AUTLORITY., Letlcr, SARRM-IA, ilcadquaicers, Rocky Mountain Arscnal, 2
faxch 1976, subject: Request for Assistancae on Detewmination of a
Concentration Profile In and Around the RMA Hydroazine Yacility.

2. REFCRENCES, Sce Appendix A for l:sting of rcferences.

3. ABDKCVIATIONS. A glossary of technical terms and abbreviations is
included as Appendix B,

4., PURPOSL,

a. To determine worker exposure to hydrazine and UDMH as well as general
work arua atmospheric levels.,

b. ‘l'o determine hydrazine and UDMH concentrations within closce proximity
of the facility.

5. BACKGROUND,

ae Activity at the facility consisted of transferring hvdrazine and UDMY
from storage vessels into rail tank cars, 55-gallon drums, or truck tankers.
All hydrazine and UDMH was brought in by railroad tank cars or truck tanks
and transferred into the storage facilities. Blending of approximately 50
percent hydrazine and 50 percent UDMH was accomplished at the facility to
form Acrozine 50. This mixture was then placed in either railroad tank cars,
58=gallon drums, oxr truck trailers for shipwment.

b. Two surveys of the facility wore made. 'The first survey was
conducted during 18-22 October 1976. Az a result of the initial visit, it
was apparent that the possibility of excersive exposure to personnel existed
at the facility. It was also noted that several operational discrepancies
existed at the facility. This information and recommendations, based oa

Use of trademarked names dees not imply endorsement by o
the US Army, but is uscd only to assist in identification
of a specific product.
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observations and limited data, were prosented to the RMA command clement
during the exit bricfing. AL that time it was agreed that further evaluation
as necessary. The sccond visit (17-21 January 1977) was made to further,
nd in wmore dectail, document worker exposure and environmental contamination
and to ovaluate the effectiveness of implementing the recommendations made
during the installation exit interview concerning facility operation.

c. The existing allowable time=weighted average cconcentration of
hydrazine above which personnel should not be exposed is 1 ppm or 1.3 mg/M3
[refer to 29 CFR 1910,1000(a) J. Hydrazine is listed as an industrial
substance suspected of carcinegenic potential in man (reference 2, Appendix
A). ‘The current TLV® for hydrazine is also 1 ppm ox 1.3 mg/M3; however, it
has been proposcd by the ACGIH that the value be lowered to 0.1 ppm. The
TLV® for 1,l-Dimethylhydrazine (UDMII) is 0.5 ppm, which is also the allowable
time-weighted average concentration [rafexr to 29 CFR 1910,.1000(a)]. The
median concentration foxr detection by odoxr is 3-4 ppm for hydrazine and 6-14
ppm for UDMH.

d. This survey constituted an evaluation of the operation as it pertains
to the ficld of industrial hygiene. This survey should not be construed as
an OSHA inspection; however, the criteria uged for the basis of this
assoessment are equal to or more stringent than those contained in the
Occupational Safety and Health Act. Operation evaluations were based on
observations of the survey personnel during the course of the study and on
conversations with operating and supervisory personncl.

c. Samples collected and analyzed by the USarF on 19-20 July 1976
AnGicated the presence of KoMaA in the amblent air near the URHI storage tanks

the cast storage area and ncar the rail tank car unloading area (referencc
5, Appoendix A).  NDMA is considered curcinogenic and should this compound be
identitvied in the woxk arca, significant operational restraints would be
required (refer to 29 Cilt 1910.101G6). At the present time an acceptabla
sethod of collection and analysis fer WDMA in the work enviromeent is not
available to this Agency. 17This information was presented to the RMA' command
elemont during the 21 January 1977 exit briefing. At that time it was agreed
that RMA would contact the USAF and determine if the method utilizad during
their July 1976 survey was adaptable to work area and personnel sampling,

@ TV - Threshold Limit value (TLV) refers to airborne concentrations of
substances and represents conditions under which it ig believed thal nearly
all workers may be repcatedly exposed day after day without adverse efrect.
TLV refers to time-weighted concentrations for a 7- or 8-hour workdry and
40-hour workweek (ACGII,
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'l-iE'l‘HOI)S AND PROCEDURES,

hydrazines on HﬂSod coaticd silica gel contained in a gloss sampling tube.

The hydraszine 1580, complex was then eluted as an aqueous solution. The
addition of l—fﬁrafdchydé in 0.5 M sodium acetote allowed the formation of a
hydrazine which, in turn, was extracted into cthylacetate and analyzcd by gas
chromatography. Fricld samples were thien comparced with prepared standards.

|

{

: l
a. The analytical schome used for this study consisted of trapping the L
[

H

i

b, MSAD, Model G, personncl pumps were used to collect the samples.
Sampling rates through the silica gel tubes were approximuately 1 liter per
minute and sanple volumes of at least 30 liters were collected.

c. A MSA protective mask, similar to those used by the operating '
personnel, was modified to allow sample collection within the mask. The mask ,
was tested Lo insure that integrity was maintained after the addition of the
sampling part. Personncl pumps were placed on operating individuals and
samples were obtained simultaneously from within the mask and from the arca
outside the mask,

Y

d. It was noted, during the October 1976 survey, that at specific
oparations the M9al, Chemical-Biological, Spccial Purpose Gas Mask with the
ti=11 canister was utilized. As & rosult of these obscrvations, an M9AL gas
mask was modificd to allow an atmospheric sample to be withdrawn from inside

2 protective mask.  Simultancous samples were taken from inside the mask
. from the arca directly outctide the mask,

c. Appendix C indicates the approximate location of the sampling sites.

7. TINDINGS AND DISCUSSION,

a. The drum filling operation consisted of placing a drum on the scales .
located in the Drum Load Station. A dual inlet £illing head was then screwed
into the largo bung of the 55-gallon container. Hydrazine or UDMH transfer i
lines were attached using quick connect couplings to one side of the filling :
head. The other inlet was connected to the N_ line. The dyum was filled \
with N, prior to the filling operation. Aftel the nitrogen purge, the fuel;
hydrazine, UDMH, or Aerozine 50, was added until the desired weight was \

@ MSA is the registered trademark of Mine Safety Appliances Company, 400 Penn
Center Doulovard, Pittsburgh, PA  15235.
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f’;\ined. A nitrogen blanket was added, the £illing head roamoved, and the
bung tightencd., The top of the drum was washed wilh water to »romove residual
hydrasine ox UDMI, A forklift was then used to move the drum to the storage
area.  The time required to £ill a drum varied frowm 10 to 20 minutes.
Personnel performing the drumming opecration wore the following personal
protective equipments rubbow gloves, rubber aprons, rubber boots, and a MSA
Ultravae facoepicce protective mask with a rocket propellant canistoer, MLSAL,
(Comments  Neither the US Burcau of Mines or MESA/NIOSH have astablished
perfoimance requirements for testing and cextifying this type of gas mank
systam) ., The operator of the forklift wore a MYAL gas mask when transporting !
the drum. h

R

b. When £illing rail tank cars or trailer tanks, a moveablé, flexible
transfer line with a flanged connection was attached to the inlet of the
tunker, The same purge, fill, and nitrogen blankct cycle was utilized during g
th- loading operation. After making the connection and starting the £ill
oncration, personnel exit the arca. It was obserxrved that approximately 30
miputes is required to connect or disconnect the tank cars. During the i
October survey it was noted that personncl wore either the MSA or the MI9AL
protective mask. During the October exit intervicw, it was recommended that
all operating personnel wear the MSA protective mask vhen performing filling
operations because of the larger sorbent {(charcoal) capacity. This
wecommendation had been implemented and was verified by obscervations during
the Janrvary survey. It was noted during the January survey tihat maintenance

vonntl were utilizing the M9Al protective mash wiien perforning repair on
‘cquipment. Concern‘over the use of this equipment wus cxpressed by the
maintenance personncl, and as a result, saaples viore taken inside and outside
the protective mask during a repair operatien. fYhese data are presented in
Appendix D, 1t was reported by the maintenance personnel that the odor of
hydrasine was present inside the protcctive magk, Samples withdrawn from
inside the mask indicated the levels were less than 0.001 ppm, However, this
is an integrated sample over the 23-minute sampling period and a leak around '
the face scal could allow ¢oncentrations at or above the odor threshold of
hydrazine or UDMU to occur for very short periods of time. The intecgrated !
sample indicated the time-weighted average exposure was well below the
acceptable concentration, There was no gvidence of the M~ll canister
breaking through. [Comment: the M~1l canister has been shown to have a
service life of 26 minutes when challenged with a concentration of 4 8 mgl
liter (or approximately 4800 mg/M?) of hydrazine (anhydrous) at a { ow rate
of 32 liters/minutet], '

——— . . - FE———

T Bdgewood Arscnal Special Publication, Robinson, D., EASP 1800-1Q, “Summary
of Protection Provided by Military Masks Against Various Military and
Noumilitary Agents" (January 1873)
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Qc. During the October survey two hydrazine transfer pumps were observed
J®XRing and a .ack of maintenance on cquipment was apparent., When hydrazine
operations were being conducted, the odor of hydrazine or UDMIl was noted
outside the general work arca. A similar odor was noted in the work area
vhen operations were not being conducted. No respiratory protective
cquipmient was utilixed by. operating personnel when entering the work arca
wvhen operations were not being conducted and only those personncl performing
the operations wore respirakory protection when £illing was occurring. This
information and rocommendations for developing S0P werc mmade during the
Qctober exit interview. During the January survey a significant improvement
in the maintenance of the equipment was 1oted. The leaking pumps had been
repaired and new transfer hoses had been installed. SOP which included the
wearing of respiratory protective equipment when entering the wbrk areca were
being obscrved. The work arca was defined by establishing a line inside
vhich all personnel would wear a mask., Additional sampling conducted in
January substantiated the fact that concentrations. exceeding the TLV could be
found in the work area when thore wero no operations being conducted (sce
Appendix D). lowever, no significant concentrations outside the established
vorkarca or masklinc were noted during routine operations.

d. Results of general area atmospheric samples are presented in Appendix
D, “he data indicates that atmospheric samples taken in January at the same
locations were lower than those collected in October. This indicates that
the repairs made were effective in reducing the concentration in the work
arca, During the October survey suamples taken at the perimeter indicated the
’cncc of UDMIl or hydrazine. Samples taken during the January survey did
h

indicate the presence of these compounds at the perimeter; however,
differont metervlogical conditions would be expected to affect the
concentrations.

e. Results of the personnel samples are presented in Appendix E. This
daca shows thie atmospheric concentrations outside and inside the protective
masks during various opcrations. These data indicate the atwospheric
concentration is greatest outside the mask when drumming operations are being
conducted. One sample collecected from withiln the mask indicated the
concentration in the mask was 0,03 ppm UDLiM, although this is below the TLV
it indicates the face scal on the mask was broken. All other samples were
w2ll below the allowable exposurce limit.

f. Peorconnecl cmployed at the facility cxpressed concern about the
guality of tihe medical examinations previded, and it was apparent that the
erployces had not been sufficiently oriented to the hazards associated with
hydrazine and UDLMH,
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8. RECOMMENDATIONS,

. a. A routine monitoring program should be cstablished to determine and
documant the aumospheric concentraticns of hydrazine and UDMH in the work
area at various distances from the work arca to include the hydrazine
facility perimeter. This should be accomplished under various mcterological
conditions and opecrating parameters, This proyram should be cstablished as
expoeditiously as possible. This recommendation was prescnted to the RMA
command clement during the January oxit briefing (refer to paragraph 5b and
29 CrR 1960, Safety and liecalth Provisions for Faderal Bmployces).

b. Provide a MSA protective mask with a MLS5ALl, rocket propellant
canister (NSiH-4240-00-902-5516) to all 'maintenance personnel for usc when
working in the area. Insure all personnel who enter the work arca are
wearing respiratory protective devices. This recommendation was presented to
the RMA command elcment during the January exit interview {refexr to pacagraph
Ja).

c. Routine proventive maintenance procedures should be developed and
implemented for equipment used at the facility (refer to paragraph 7c).

d. Determine the feasibility of using the USAF method of determining the
presence and or concentration of NDMA at the transfer facility. If NDMA is
identified, a reevaluation of the facility will be required to insure
compliance with OSHA regulations., This information was discussed during the
January exit interview. (refer to paragraph 5e and 29 CFR 1910.1016).

Q a. Provide pertinent medical examinations to all employees potentially

xposed to hydrazine ox UDMII, ‘this ecxamination should include the following:
$GOT, $GPT, aAlk Phosph, CBC, BUN, Creatinine, GGTP, UA, and EEG (reference 4,
Appendix A). In addition chest x-rays (PA and lateral) should be taken with
cach medical examination. Because of the potential carcinogenicity of
hydrazine and UDMH, the additional following examinations are rccommgnded:
LDH, sputum cytology, and urine cytology. Dach individual required to wear a
respiratory protective device should receive a pertinent medical examination
prior to issuance of the davice. This evaluation should include an
assessment of the individual's ability to use such devices when performing
normal duties. The individual's health status should also be reviewed
periodically to assess both the continued ability to wear respiratory
proteetive devices and to ensure that the individual ‘has not been advexsely
affected by exposurce to toxic substances. The frequency of the cexaminations
should be astablished by the local physician. Recommended frequency of
examination is annhually for thoscs exposed less than 10 years and
semi-annually thereafter.

f. All cmployees who are poteontially exposed to hydrazine or UDMII should
receive instruction as to the hazards associated with the compounds. This
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antation should include information on the acute and chronic physiological
¢ffects of exposure to hydrazine ‘and UDMH (refer to 7f).

g. Long-range plans to improve the facility and implement enginecering
controls to control the release of hydrazine and UDMH should be developed (29
CrR 1910.134(a) ],

9. GENERAL. Implementation of the recowmmendations of this report is
essential to provide adequate industrial hygiens controls for protecting the
health of the workers at the operation. In addition, the medical facility
providing occupational health services slicould use the findings of this report
to insure that workers with potentially hazardous exposures are plOVJdcd
pertinent medical monxtorlng QXJNlﬂdLtha.

10. TECHNICAL ASSISTANCE, Should the USAF method for collection and
analysis of NDMA be unacceptable, additional assistance will be provided upon
request. In accordance with paragraph 1-5, AR 40=5, Health and Envirommant,
25 Septamber 1974, requests for further scrvices should be directed through
appropriate channels to Commander, USA lealth Services Cormand, ATTN:
HSPA~H, Ft Sam Houston, TX 78234.

v,

& > ,//
v \\.\(7-0{
<éi;g§;$\coogj )

: Industrial Hyglenist
: Industrial Hygiene Division

ROBERT LE. GLENN

MAJ, MsC .
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. APDENDIX A

* REFERENCES

1. Title 29, Codc of Pederal Regulations (CFR), 1976 ed., Part 1910,
Occupational Safety and Health Standards.

2, Title 29, Code of Federal Regulations (CFR), 1976 ed., Part 1960, Safcty
and lealth Provisions for Federal Lmployces. !

3. Mmerican Confercnce of Governmental Industrial Hygienists, TLVS®
Threshold Limit Values for Chemical Substances and Physical hgonts in the '
Workroom Environment with Intended Changes for 1976.

4, USAEIA, Madical surveillance Guide (Guide for Job Related Examinations),

January 1975 with Appendix G, Recommendations for Pdriodic Job Related '
Examinations for Selected Occupations = April 1975,
5. Letter, SFQT, licadquarters, San Antonic Air Logistics Center (AFLC),

Kelly Airx Force Base, Texas, 13 October 1976, subiject: NDMA Analysis at RMA,
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BUN
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UDMHU
USALHA
USAF

4

APPENDIX B

GLOSSARY OF TECHNICAL TERMS AND ABBREVIATIONS

Alkaline Phosphatase

American Conference of Governmental

Industrial lygicnists

Blood Uxea Nitrogen

Complete Blood Count

Elactrocncephalogram

Garma Glutamyl Transpeptidase

Sulfuric Acid
. Lactic Dehydrogenase

Molar

Minc Enforcement Safeiy Administration
milligrams )

milligrams of contaminant per cubic mcter of air
Nitrogen

N-nitrosodimethylamine

None det:ected

National Institute for Occupational Safety and Health
Cceupational Safety and Health Administration
Posteroanterior

bzrts pox million

Rock Mountain Arscnal

Serum Glutamic Oxaloacetic Transaminase

Serum Glutamic Pyruvic Transaninase

Standing Operating Procedures

Urinalysis, including microscopic examination
SUnsynmaetrical dimethylhydrazine
.US Axmmy Environmental Hygiene Agency

United States Air Force

B-~1
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Atmospheric

Concentration
{(ppm)
Location Operation Hydrazine  UDMH  Comment:
Near truck tank do 0.41 19 Oct 76, aftcrnoon,
. . o . .... . slight breceze from
Necar eye lavage (10) do 0.87 NE approximately 5 mph
temperature 48°1
5 ft cast of do .. 1.66
Drum Load Station (5)
3 ft from £ill nozzle in do 0.96
: Drum Load Station (5)
7 ft south of do 0.55
Dyum Load Station (3)
3 ft from £ill nozzle in do . . ND 20 Oct 76, morning wind from
Diaun Load Station (5) south-gouthecast at
approximately 7 mph
tomperature 39°1
“15 ft ME of Drum do 0.004
‘d Station {(4)
Blend Moetoring do ' 0.71
llouse Panel (8)
Bast Railcar do 0.46
illing Station (9)
North'railsiding do 0.03
£t from fence (10)
West cnd Storage do ND
Tank US~1 (11)
East end Storage do ND
Tank US-1 (12)
Tauk CS-1 Storage rilling vailcar ND ND

Area (13)

do

lorth perimeter
fence, 5 £t elev (14)

with Aerozine 50

do

do
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Control »Yancl (8)

D=3

husospheric
Concoentration
{ppm)
Location Operation Hydrasine upMi Comment
do do ND ND
do do ND 0.01
wost side railroad do ND NDL
track (17)
North of railcar (18); do ND ND
cast side railroad '
track (19) .
1% f{ NE of Drum do 0.04 0.21
Load Station (14)
NE of Blend Metering " do <0.01 °  0.02
House (9) near
railrocad cax
Blend Meter do 0.30 0.25
sc Control
el (8)
100 ft cast of do ND ND 21 Oct 76
Blend Metering
House (24)
Fence near do 0.005 0.0004
north gate (15)
~Top of railroad do ND 0.004
loading platform (9)
Near safety do 0.04 0.08
showey (10) -
. Hear ceonter do © 0.005 0.034
pump  (20)
Necar center pump do 0.003 0.068
switch control (20)
SW corner of cast do 0,002 0.062
tank car load
station (%)
ind Metering House rilling tank car 0.19 0,19
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Atmoupheric
Concentration

(ppm)

Location Opcration Nvdrazine Uil Comment

Worth side of Blend Clecaning filter 0,23 0.54 20 ocy¢ 76,

Metering louse near on fcedlines

railroad trachks (21)

Neaxr cye lavage (4) do -, 0,05 0.15 wind {rom the cast
approximately 6 mph
tomperature 59°F

West of Blend Metering do 0.23 0.33

tlousc (22)

Blend Mctexing louse do 0,64 1,01

Control Panel (8)

Top of Blend do 0.10 0.39

Metering House (8)

Mruck Tank do <0.01 0.057

Wlity (9)

1ML of Blend do .0.011 2.068

Metoring louse (23)

Bast Storage Arca Filling tank car ND ND 21 oct 76

near cye lavage (24)

Near control stand (25) do ND ND

West fence near do ND ND

gate (26)

South fence near do ND ND

gate (27)

.o Loading truck ' 18 Jan 1977

Hear truck tank tankers with Winds S-SW

lcading platform (29) Aerozine 50 ND ND 5 mph

Blend Metering . ‘

llouse (8) do <0,01 <0.001

Near truck tank do ND <0.001 do

louding platform (8)

‘Q valve near do <0,01 0.02 do
ilicy engrance (30)

YY)
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deatijor

Oporation

Almosphorie
Concantration

{ppn)
Hydrarsine

UnMll Comment

ank Cf-1 storage
ora {13)

car gate cast
{ vailroad (31)

pproximately 30 feet
B of £ill nozzle (32)

E cérncr of Bldg
0. 760 (33)

‘B corncr of truck
ank oad area (34)

B corner of truck
ank load arca on
‘ellow mask line (35)

‘vl tank loading
'a.xppor Level (29)
IE corner of drum
iardstand (36)

3B cornar of drum
wrdstand (37)

leay N2 tank (38)

leaxr Bldg 755
(7)

Jlend Hetering
louse (8)

W Corner of
‘onee (39)

Jear Blend
detering llouse (8)

Bldy No. 761 (6)

T

[y

ryck tank loading
‘iii(no)

do

do

do
do

do

do
do
do

do

No operation
do
do
do

do

do

ND

ND

ND

ND

ND

<0.01

<0.01

0.02

<0,01

ND

<0,01

<0,01

de

do

do

ND
ND
ND Winds west 10 mph, Temp 40°F
ND
ND

ND

ND
ND
ND
ND

ND Background samples
19 gan 77

0.03

do

do




y ' .
- l.

Ind Hygiene $p Study No. 35-0101=77, 18~22 Qct 7G, 17-21 Jan 77

l Atmospheric

Concentration

(ppm)
Location Operation Nydrazine  UDMII  Comment
SW cornexr of do do do :
fence (40) :
SW corner of do do do i
waste sump (41) ;
Truck tank loading Drumming 20 Jan 1977, Morning
ramp (29) : hydrazine <0.01 - wind calm 40°F .
7 £t south of Drum do 0.39 -
Load Station (3) !
| t
7 £t South of Drum do . 0.10 -  Dubbler method rxesults .
Load Station (3) i
!
3 £t from fill do 0.25 - |
nozzle in Drum Load '
Station (5) _f
‘t south of do 0.01 .
noszle {42) .
15 £t south of fill do 0.24 Bubblcr method results :
nozzle (42) 20 Jan 1977, afternoon '
7 £t south of Drum do ND . !
Load Station (3) . |
]
]
3 £t from £il1 do <0,001 i
nozzle in Drum :
Load Station (5) f
15 £t gouth of do <0.001
Fill nozzle (42) '
15 ft south of do 0.03 Bubbler results
Fill nozzle (42)
7 £t south of ) do 0.02 . " ‘Dubbler results
Drum Load Station (3)
approximately 20° Maintenance 0.073 ND Wind calm Taemp 40°F
North of Opaerxation Operation
(18) Bguipment :
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Ind Nygione Sp Yewdy No. 35-0101-77, 10-22 Oct 7G, 17-21 Jan 77

®-

Atmospheric
Concentration

{ppmn)
Location Operation Hydrazine  UDMH _ Comment
Approximately 20' do 0.022 ND Maintenance performed by
NE of Blend Metering maintcnance poersonnel
House (19) using the M9 gas mash
with the M-11l cartridge.
Approximately 60! do ) 0,19 0,35
NE of bBlend Metering
louse (43)
3 ft from £ill Transfer of 0.05 0.11 21 Jan 1977, aftexrnoon
nowzle in Drum Acrozing
Load Station (%) to new drums
do ., do <0,001 ND  Bubbler sample
Near cye lavage (10) do ND ND
40 ft North of do ND ND
Bldg No. 759 (43)
’l'u toulth of do 0.04 ND
$E1L nosele (12)
do do 0.014 ND  Bubblox sampleo
Front of Bldg No. 759 do <0,001 ND )

hEY)




3

s 0

-

ad dlygiene Sp Study No, 35-0101-77, 18-22 Oct 76, 17-2) Jan 77

APPENDIX &

RESUYS'S OF ATMOGPRIERIC SAMPLES

PERSONNEL

ABLE 2, RESULTS, 18~22 OCTOBE:R 1976

Atwonsvheric
Concentration
{ppn)
acation Opecration Hydrazine  UDMIl Comment
mtside MSA Loading Truck 0.22 0.14 simultancous sample during
.ask Trailer with operation
Acrozine 50
nside MSA do ND ND  Simultancous sample during
iask connection and disconnection
. operation
nmtside MSA Drumming 1.15
task hydrazing
(ngdde MSA Mask do ND Simultancous samples taken
‘ on operators
yutside MSA Mask do 3.64
Incide MSA Mask do ND
Jutside MSA Mask do 0.22
Inside MSA Mask do <0,001
Jugside MSA Mask do 1.98
Inside MSA Mask do ND
Insidae M=9 Replacing gasket - ND
Mask . in a transfexr Simultancous samples taken
line on maintenance personnel.
outuide M-9 Mask do 1.10
Inside M-9 Mask do <0.001
Qutside MSA Mask Transfer of 0.71 1.71 Simultancous sawples

Aarozine 50

Ix'..ndc MSA Mask do

taken on operators

- <0,001 ND

r———

R i
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Aweipheylu
Conconta atian
{pran)

lacntion Oprration lyedirazing  UBMIL Comaent
Mdg 761 Drumming (thait 0,20 OQutnitde the reaplratory -1
Disis Lowa protective equibpeint
station
s5¢
do do ND Tnnfde the rospivatory
protective equipmant
do do 3,46 Outulde the reapiratigy
procective equpaneit
do do 0.45 outnlde the renpiratory
proteciive equijment
. 58
do do ND  Inside Lhe respiratory
protective equipment J
do do 0.56 outklde the renpiratory
protective cquipment
sS
do do KD Innldo the retpiratory
' protactive equipment
do do 4,01 Oulnlde the renpiratory
pmoteative etjuljemeont
" &S
da o do | 0.03 1Innjde the respivatory
. protoctive uguipnent
J
do do 2.95 Outside tho ranpiratory
protoctive eyulpment
X 139
do 4 HD Inside the respivatory
. protuative eyuipsent
2 ft south Cloaning filter 1.6 1,61 Outside the respiratnvy h
of tha hlend protactive eguipinant
Hatering lloune s
' ss
do do ND ND  Innide tha ronpiratory
protective equipment J
[ ] do 0.3 0,30 oOutnsicda hoelpoers veupiratory
otretive cquijment
M2 protactive mank -
hldg 761 Urumming UOHIl 0.23 Outsjdo the respiratory °
Drum Losd protective aquipment
Station
. au
do ND  Tinuldo the resplratory
protective oquiyment B
do 0,36 Outnide tho reaplratory .
protectivae aquipment
o r‘s
do ND  Tonida the renpivatory
protective cguijaent
, J
ndlroad Yank oconneeting 0409 10 ouinjde the vimplvatory )
Car IMacillty FilVing apparatun proteetdve equlpment
feom rallvond =y
tnok car ND HD  inndde tho venpiratory
protective oquijment J

458 » Sfmultanvoun Samples




